Background: There are no prognostic factor publications on stage Ta-T1 non-muscleinvasive bladder cancer (NMIBC) treated with 1-3 yr of maintenance bacillus Calmette-Gué rin (BCG). Objective: To determine prognostic factors in NMIBC patients treated with 1-3 yr of BCG after transurethral resection of the bladder (TURB), to derive nomograms and risk groups, and to identify high-risk patients who should be considered for early cystectomy. Design, setting, and participants: Data for 1812 patients were merged from two European Organization for Research and Treatment of Cancer randomized phase 3 trials in intermediate-and high-risk NMIBC. Intervention: Patients received 1-3 yr of maintenance BCG after TURB and induction BCG. Outcome measurements and statistical analysis: Prognostic factors for risk of early recurrence and times to late recurrence, progression, and death were identified in a training data set using multivariable models and applied to a validation data set. Results and limitations: With a median follow-up of 7.4 yr, 762 patients recurred; 173 progressed; and 520 died, 83 due to bladder cancer (BCa). Statistically significant prognostic factors identified by multivariable analyses were prior recurrence rate and number of tumors for recurrence, and tumor stage and grade for progression and death due to BCa. T1G3 patients do poorly, with 1-and 5-yr disease-progression rates of 11.4% y
1.
Introduction European Association of Urology (EAU) recommendations for adjuvant treatment of non-muscle-invasive bladder cancer (NMIBC) are based on low-, intermediate-, and highrisk groups [1, 2] . They are derived from European Organization for Research and Treatment of Cancer (EORTC) risk tables, which provide probabilities of recurrence and progression after transurethral resection of the bladder; however, none of these patients received maintenance bacillus Calmette-Gué rin (BCG), which is now recommended for high-risk patients [3] .
In 1062 patients treated with a maintenance schedule of six two-weekly BCG instillations for 5-6 mo, the Club Uroló gico Españ ol de Tratamiento Oncoló gico (CUETO) found that EORTC risk tables overestimated the risk of recurrence and probability of progression in high-risk patients [4] . CUETO stratified patients according to their risk of recurrence and progression [5, 6] , which also stratified a patient's risk of recurrence after BCG plus interferon-a therapy [7] .
The CUETO maintenance schedule is considerably shorter than the 1-3 yr of maintenance BCG currently recommended by the EAU [1, 2] . Prognostic factors for this longer maintenance schedule are unknown.
Our aim was to determine prognostic factors and the probabilities of recurrence, progression, disease-specific survival (DSS), and overall survival (OS) in stage Ta-T1 NMIBC patients treated with 1-3 yr of maintenance BCG and identify high-risk patients who may need early cystectomy. We also assessed the performance of CUETO models on EORTC data.
Materials and methods
Individual patient data were merged from two EORTC phase 3 trials (30911 and 30962) in Ta-T1 NMIBC (without carcinoma in situ [CIS] ).
Patients were randomized to receive 1 or 3 yr of maintenance Tice BCG [8, 9] Please visit www.eu-acme.org/ europeanurology to read and answer questions on-line. The EU-ACME credits will then be attributed automatically.
probability. Goodness of fit was assessed with calibration plots. For other end points, time-to-event distributions were estimated using cumulative incidence curves.
Based on multivariable analyses in the training set, prognostic factors were identified and prognostic categories formed. Categories with similar prognoses were grouped together, with emphasis placed on identifying the best prognosis and the worst prognosis patients. These categories and survival regression coefficients were applied to the validation set.
Area under the curve (AUC) and Harrell's bias-corrected concordance index (C-index) were used to assess model accuracy (discrimination)
in the training and validation data sets [13, 14] . The C-index is the probability that for two randomly chosen patients, the patient who had the event first has a higher probability of having the event according to the model. Consequently, C = 0.50 represents agreement by chance;
For all end points, sensitivity analyses were done stratified by study.
Sensitivity analyses also compared results of the Cox and the Fine and
Gray models. 
Results
A total of 1812 Ta-T1 patients from EORTC studies 30962 (n = 1272 patients) and 30911 (n = 540) were included, 1180 (65%) of whom were allocated to 3 yr of maintenance BCG and 632 (35%) to 1 yr. They were divided into training and validation data sets with 1178 and 634 patients, respectively. Median age was 67 yr, 43% were recurrent, 24% had a prior recurrence rate of more than one per year, 87% had multiple tumors, 20% had tumors 3 cm, 36% were T1, and 23% had G3 tumors (Table 1) . Patient characteristics in the training and validation data sets were similar, except for a higher percentage of T1 patients in the validation data set (46% vs 31%).
After a median follow-up of 7.4 yr, 6.7 yr in patients still alive, 762 patients recurred, 173 progressed, and 520 died, 83 due to BCa ( Table 2 ).
The 1-and 5-yr recurrence rates were 25.9% (95% confidence interval [CI], 23.8-27.9%) and 41.3% (95% CI, 39.0-43.7%), respectively ( Supplementary Fig. 1 ).
Overall, 285 patients (15.7%) had an early recurrence ( Table 2 ). Using the training data set, the final model for early recurrence included prior recurrence rate, number of tumors, and grade. Table 3 shows the probabilities of early recurrence in the training and validation data sets in the six prognostic groups. The best prognosis patients, G1 with fewer than four tumors and prior recurrence rate of less than or equal to one per year, had an 8% probability of early recurrence in the validation set. The worst prognosis group, four or more G2 or G3 tumors and more than one recurrence per year, had a 29% probability of early recurrence. For these six groups, the AUCs were 0.67 and 0.65 in the training and validation data sets, respectively.
Late recurrence was observed in 477 patients ( Table 2) . A total of 375 patients were excluded from the analysis, 285 due to early recurrence and 90 due to no follow-up after the landmark. Prognostic variables in the final model were prior recurrence rate and number of tumors. Four prognostic groups were created ( Table 4 ). The best prognostic group, fewer than four tumors and less than or equal to one recurrence per year, had recurrence probabilities of 14.0% and 28.3% at 1 yr and 5 yr, respectively, in the validation set. The worst prognostic group, more than one recurrence per year and four or more tumors, had recurrence probabilities of 33.0% and 51.7% at 1 and 5 yr, respectively. The C-indexes in the training and validation data sets were 0.59 and 0.56, respectively. Cumulative incidence curves are provided in Figure 1a and 1b. The multivariable model for disease progression identified two variables: grade and T category, with four prognostic groups ( Table 5 ). The best prognostic group, TaG1 patients, had a progression probability of 1.9% at 1 yr and 7.1% at 5 yr in the validation data set. The worst prognostic group, T1G3 patients, had a progression probability of 11.4% at 1 yr and 19.8% at 5 yr (Table 5 ; Fig. 2a and 2b) . The C-indexes in the training and validation data sets were 0.72 and 0.64, respectively.
A total of 83 of 520 deaths were due to BCa. The same variables as for progression were of prognostic importance, grade and T category, and the same prognostic groups were formed (Table 6 ). TaG1, the best prognostic group, had a probability of death due to BCa of 1.5% at 5 yr in the validation set. The worst prognostic group, T1G3, had a probability of death due to BCa of 4.8% at 1 yr and 11.3% at 5 yr ( Table 6 ). The C-indexes in the training and validation data sets were 0.72 and 0.71, respectively. Cumulative incidence curves are given in Figure 3a and 3b.
The final multivariable survival model included age and grade. The C-indexes in the training and validation data sets were both 0.68. Model calibration was checked with calibration plots ( Supplementary Fig. 2a and 2b) . Supplementary Figure 3a , 3b, 4a, and 4b present Kaplan-Meier curves according to age and grade, respectively, in both data sets. Figure 4 provides a nomogram for survival based on age and grade. Points associated with the nomogram are given in Supplementary Table 2 . For example, a patient aged 65 yr with a G3 tumor has 79 points (67 + 12), with survival probabilities of 97% at 1 yr and 78% at 5 yr. Sensitivity analyses offered the same conclusions for all end points.
CUETO recurrence and progression scores were calculated on EORTC data [6] . Time to recurrence and time to progression cumulative incidence curves were estimated ( Supplementary Fig. 5a and 5b ). The CUETO model did not perform as well when applied to EORTC data. The C-indexes for recurrence and progression decreased from 0.64 to 0.48 and from 0.69 to 0.53, respectively. Applied to EORTC data, the CUETO model underestimated the risk of recurrence in good risk patients and overestimated the risk of progression at 5 yr in poor risk patients.
Discussion
This paper presents the first prognostic factor analysis in NMIBC patients receiving the currently recommended 1-3 yr of maintenance BCG and identified prognostic factors for recurrence, progression, DSS, and OS. The analysis made a distinction between early recurrence that may be influenced by unintended incomplete resection [15] and late recurrence in patients who are disease free at the first follow-up cystoscopy. The most important prognostic factors for early recurrence were prior recurrence rate, number of tumors, and grade. The prior recurrence rate and number of tumors were also the most important factors for time to recurrence in patients without early recurrence. These results correspond with those from the EORTC [3] and CUETO [5, 6] . However, CUETO also identified the prognostic importance of age and gender.
For progression, the most important factors were stage and grade, which were also previously identified by EORTC [ ( F i g . _ 1 ) T D $ F I G ] [ ( F i g . _ 2 ) T D $ F I G ] and CUETO. As expected, T1G3 patients had the worst prognosis with 1-and 5-yr progression rates of 11.4% and 19.8%, respectively. CUETO models for recurrence and progression are ''optimized'' for their data set and do not perform as well when applied to EORTC data. The longer duration of BCG in EORTC studies may have also had an impact on the results.
For the first time, prognostic factor analyses for both DSS and OS are provided. For DSS, the most important factors were the same as for progression: stage and grade. T1G3 patients had the worst prognosis with 1-and 5-yr diseasespecific death rates of 4.8% and 11.3%, respectively. Although grade remained statistically significant for OS, age was the dominant factor (Fig. 4) . The clinical utility of this nomogram in daily practice still needs to be proven.
Patients previously identified at the highest risk of recurrence [3, 5, 6] still remain at high risk even when treated with 1-3 yr of maintenance BCG. Patients with four or more tumors and a prior recurrence rate of more than one per year have a probability of recurrence at 1 and 5 yr of 33.0% and 51.7%, respectively, even if no tumor was detected at the first follow-up cystoscopy. With recurrences after >10 yr, our study along with studies from CUETO, SWOG, and FinnBladder show the need for long-term follow-up in NMIBC patients [5, 6, 16, 17] .
Many patients do well on maintenance, with a 5-yr recurrence-free rate of 58.7%. Although we can accurately identify patients who do not progress or die due to their disease (approximately 95% of TaG1 patients do not progress, and 98% do not die due to their disease), we cannot reliably identify the important subgroup of patients who do progress and die of their disease. Patients with T1G3 tumors, even without CIS, do relatively poorly, with 5-yr progression-and disease-specific death rates of 19.8% and 11.3%, respectively, but we need improved methods to identify the really high-risk patients and develop effective treatments for them.
Because the number of tumors and prior recurrence rate have also been shown to contribute to a worse prognosis, T1G3 patients with recurrent and/or multiple lesions should be considered for early cystectomy instead of BCG, especially if they have concomitant CIS, as concluded by Gontero et al [18] . However, we need better markers of immune response and molecular profiling to optimize patient selection and treatment strategy [19, 20] .
This data set has a number of limitations. No patients with CIS were included. Both studies were carried out when routine repeat transurethral resection was not performed in high-risk patients. This could have contributed to understaging that may have led to higher progression rates, especially in T1G3 patients. There was no central pathology review. No information was collected on the status of the upper urinary tract upon recurrence or progression or on potential biomarkers. It was not possible to make a meaningful distinction between 1 yr and 3 yr of maintenance in the analysis. Nevertheless, this study provides the best available information about the prognosis of patients treated with the currently recommended 1-3 yr of maintenance BCG.
Conclusions
NMIBC patients treated with 1-3 yr of maintenance BCG have a heterogeneous prognosis for both time to first recurrence (according to the prior recurrence rate and number of tumors) and time to progression and death due to BCa (based on tumor stage and grade).
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